In this paper the triple Higgs production in a general two Higgs doublet model (2HDM) 
I. INTRODUCTION
The missing element of the Standard Model of Particle Physics has already been observed by the two LHC experiment detectors, i.e., ATLAS and CMS [1, 2] . The mass of the particle is near 125 GeV. The question of possibility of existence of further Higgs bosons is, however, still open.
There are certainly motivating theoretical arguments for SM extentions; One of those being the Higgs boson mass quadratic divergence when radiative corrections are included. A natural solution to this problem is Supersymmetry [3, 4] which requires a non-minimal Higgs sector. In order to build up a SUSY model, at least two Higgs doublets are required. The Minimal Supersymmetric Standard Model (MSSM) is the simplest example of a supersymmetric model which belongs to two Higgs doublet models (2HDM) [5] . In a general 2HDM, the Higgs sector consists of two charged Higgs bosons, H ± , two CP-even neutral Higgs bosons, h 0 , H 0 , and a CP-odd neutral Higgs, A 0 .
The lightest neutral Higgs boson, h 0 , is taken to be SM-like and is the candidate for the signal observed at LHC. The study of two Higgs doublet models is therefore necessary as the first step to construct a model whose structure is a little more complicated than SM.
There have been searches for Higgs bosons of non-SM type at LEP and Tevatron. A charged Higgs
with m H ± < 89 GeV has been excluded by LEP for all tan β values [6] . The Tevatron searches by D0 [7] [8] [9] [10] and CDF [11] [12] [13] [14] restrict the charged Higgs mass to be in the range m(H ± ) > 80 GeV for 2 < tanβ < 30. The current results from LHC exclude tan β > 10 with a charged Higgs boson with m H ± = 90 GeV [15, 16] . The above results are followed by the indirect limit from b → sγ studies by the CLEO collaboration which exclude a charged Higgs mass below 300 GeV at 95 % C.L. in 2HDM Type II with tan β > 2 [17] . In general in terms of 2HDM types the current conclusion is m H ± > 300 GeV in 2HDM Type II and III. However, this lower bound does not apply to types I and IV at high tan β [18] .
II. THEORETICAL FRAMEWORK
Our theoretical basis is a two Higgs doublet model with the general potential as follows [19, 20] .
V =m 2 be studied in two final states. The charged Higgs decay to τ ν has a high branching ratio at low masses (m H ± < 180 GeV), however, it reduces to small values when heavy charged Higgs is going to be analyzed. This final state, i.e., τ + τ − E miss T suffers from the large background including W + W − , ZZ and single Z production. The charged Higgs decay to tb has a larger branching ratio for heavy charged Higgs cases. However, it produces high particle multiplicity, as there are a pair of top and bottom quarks in the final state.
IV. TRIPLE HIGGS COUPLINGS
The triple Higgs production can be regarded as a unique process for the charged Higgs studies as in that case, it contains a pair of charged Higgs and a single neutral Higgs (H + H − H 0 or
Having the neutral Higgs decayed to bb, the final state has effectively two extra b−jets as compared to the charged Higgs pair production. This feature makes it easy to be distinguished from the background processes. The reason is lack of existence of true b−jets in SM background events which are mainly W W , ZZ and Z. The triple Higgs production has been studied in the context of linear colliders in different reports. In Ref. [50] , radiative corrections to the triple Higgs coupling have been studied. The production cross section of triple Higgs production at e + e − collisions has been studied in Ref. [51, 52] , where they analyze different sets of the Higgs boson masses and evaluate the cross section of different processes which involve three Higgs bosons as a function of the center of mass energy of a linear collider. The ratio of triple Higgs coupling in 2HDM to that in SM has been studied in detail in Ref. [53] taking into account the perturbativity requirements on λ i , vacuum stability and Higgs boson mass limits from direct and indirect searches.
The effect of triple Higgs coupling in the production of Higgs pairs in 2HDM has been discussed in Ref. [54] for different set of center of mass energies and integrated luminosities of a linear e + e − collider. A similar study has also been performed in MSSM in Ref. [55] . A different work, reports the effect of quantum corrections and triple Higgs self-interactions in the neutral Higgs pair production in 2HDM as a function of tan β and λ 5 in Ref. [56] .
In what follows, the triple Higgs production is analyzed as a source of charged Higgs bosons. To this end, the triple Higgs couplings are used for the signal production as presented in [51, [57] [58] [59] . For a better comparison, we briefly present H 0 H + H − couplings presented in the mentioned references respectively in Eqns. 8, 9, 10, 11.
The first two expressions are based on λ i 's, while the second pair are written in terms of the Higgs boson masses. We check explicitly the above couplings and observe that they are equivalent when λ 5 = λ 6 = λ 7 = 0. Furthermore, the following relation is assumed:
This equation makes sure that the neutral lightest Higgs boson has the same couplings to gauge bosons as the SM partner. It is therefore an SM-like Higgs boson. This is due to the fact that the ratio of Higgs-gauge coupling in 2HDM to SM Higgs-gauge coupling can be expressed as follows [60] :
Since we use large β values, the above requirement (s β−α = 1) leads to small and negative α values. Moreover, in this limit (i.e., s β−α = 1), the SM-like Higgs boson has the same coupling to a pair of bottom quarks as in SM, because [60] 
As all expressions quoted in Eqns. 8, 9, 10 and 11 are equivalent in the region of parameter space studied in this paper (i.e., λ 5 = λ 6 = λ 7 = 0 and s β−α = 1), Eq. 11 is used for computational purposes.
V. EVENT SIMULATION
The triple Higgs coupling presented in Eq. 11 is implemented in CompHEP 4.5.1 [61, 62] for signal event generation at the hard interaction stage and cross section calculation. The output of CompHEP in LHEF format [63] is used by PYTHIA 8.1.53 [64] for further decay processing and particle showering, initial and final state radiation and multiple interactions. The background events are, however, simulated solely by PYTHIA which is used for both event generation and their cross section calculation. The jet reconstruction is performed using FASTJET 2.4.1 [65] with the anti-kt algorithm [66] , a cone size of 0.4, and E T recombination scheme. For the calculation of the particle spectrum, the renormalization group evolution program SuSpect [67] is used. The output including the particles mass spectra and decays is written in SLHA format [68] and used by PYTHIA for event generation. The neutral and charged Higgs branching ratio of decays are calculated by 2HDMC 1.1 [69] .
VI. SIGNAL AND BACKGROUND EVENTS AND THEIR CROSS SECTIONS
The signal process can be either Higgs and CP-odd neutral Higgs.
Therefore the signal is assumed to be H + H − H 0 production. In order to have a reasonable background rejection, it is a convenient choice to assume the neutral Higgs decay to bb. Since the charged Higgs decay to tb produces a high multiplicity event, it is better to choose H ± → τ ν decays which produce τ -jets and E miss T in the final state. According to the Higgs-fermion Yukawa couplings defined for the four types of 2HDM as in Tab. I (Ref. [18] ), the type-II 2HDM is most suitable for such a final state, because it provides the largest H ± → τ ν and H 0 → bb branching ratio of decays at high tan β .
As a summary the full signal production process is pb respectively at √ s = 1000 TeV. If Z → τ τ and Z → bb decays occur, the ZZ process can lead to τ τ bb final state. Therefore this is the main background sample, although as will be seen it can be easily suppressed by proper kinematic cuts.
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VII. EVENT SELECTION AND ANALYSIS
Signal events contain four jets: two τ -jets and two b-jets. Figure 9 shows the (any) jet transverse energy distribution. Therefore the first step in signal selection is to require at least four jets in the final state with kinematic cuts on the jet transverse energy and pseudorapidity as in Eq. 18. The pseudorapidity is defined as η = − ln tan(θ/2) and θ is the polar angle evaluated with the respect to the beam axis. This requirement is basically applied in order to reject soft and forward/backward jets whose reconstruction error may be large. In addition, there are SM backgrounds which are suppressed by the kinematic cuts on jets, as they produce softer jets than those of the signal events. As seen from Fig. 9 , background events tend to produce jets with E jet T ≃ 50 GeV because the decaying particle, which produces the jet, is either Z or W boson. A harder cut may suppress a large fraction of such backgrounds, however, the signal cross section is small at heavy charged Higgs area. Therefore we avoid hard cuts in order to keep the signal events at a reasonable minimum. Selected jets are counted in the second step. Figure 10 shows the number of reconstructed jets passing the requirement of Eq. 18. A cut on the number of reconstructed jets is applied as in Eq.
19.
Number of jets (satisfying Eq. 9) ≥ 4 (19) In the next step, a τ -ID algorithm is applied to jets, similar to the algorithm used by LHC experiments [70] . The algorithm starts with a cut on the transverse energy of the hardest charged particle track in the τ -jet cone as E T > 20GeV. This requirement is basically applied as we expect The ∆ is calculated between the cone surface and the cone axis defined by the hardest track. The number of signal tracks are then calculated by searching for tracks in the cone defined around the hardest track with ∆R < 0.07. Since τ leptons decay predominantly to one or three charged pions, we require the number of signal tracks to be one or three. A jet (a τ lepton candidate) has to pass all above requirements to be selected as a τ lepton. Figure 11 shows the τ -jet multiplicity in signal and background events. Finally we require that there should be two τ -jets satisfying all above requirements in the event. The selection of b-jets is started at this stage, by selecting jets which are within ∆R < 0.4 with respect to the generated b or c quarks. A jet is tagged as a b-jet with a probability of 60% (10%) if it matches a b-quark (c-quark). The above numbers are assumed as the b-tagging efficiency and fake rate respectively. Figure 12 shows the number of b-tagged jets in signal and background events. For the signal selection, we require two b-jets in the event.
In the next step the above two jets are used for bb invariant mass reconstruction. the distribution of b-jet pair invariant mass.
bb invariant mass > 120 GeV (20) As the last step, the missing transverse energy is reconstructed as the negative vectorial sum of particle momenta in the transverse plane as shown in Fig. 14 . Based on the distribution shown in 
VIII. RESULTS
An event has to pass all requirements in the previous section to be selected. Selection cuts are applied one after the other, and relative efficiencies and the total efficiency of the signal and background selection is calculated. The final number of events, of course depends not only on the total selection efficiency, but also on the cross section of events. In case of signal, the cross section depends on tan β , m H ± and m A and branching ratio of Higgs decays. 
IX. CONCLUSION
The triple Higgs boson production was analyzed as a source of charged Higgs pairs. The analysis was performed for a linear e + e − collider operating at √ s = 1 TeV and results were presented with a normalization to an integrated luminosity of 500 f b −1 .
The theoretical framework was set to 2HDM type-II containing an SM-like light Higgs boson with a mass equal to the current LHC observations. The effect of the CP-odd neutral Higgs mass in the production cross section and the signal significance was studied and it was concluded that increasing m A could increase the signal significance very sizably. The signal significance depends also on tan β .
Thanks to the b-tagging tools, a reasonable background suppression is achieved leading to high signal significance values for some areas of the parameter space which correspond to heavy CP-odd neutral Higgs and high tan β . Finally the signal significance was presented as a function of the charged Higgs mass, m A and tan β .
The analysis reveals the future linear colliders potential for a heavy charged Higgs observation if LHC fails to do so. If the charged Higgs is heavier than 300 GeV, it may escape from LHC experiments. In such a scenario a linear collider with enough integrated luminosity higher than 500 f b −1 would probably be the only experiment which could provide some news about this particle in the future.
